collagen.2' Daar and Fabre examined normal sera for reactivity against tissue extracts from brain, heart, liver, and kidney and found that each serum tested bound to all tissues except kidney.5
Anti-DNA antibodies appearing in normal subjects have been described by several groups.67 Anti-DNA antibody synthesis has been shown after stimulation of normal human lymphocytes by pokeweed mitogen,8 Epstein-Barr virus,7 Klebsiella pneumoniae,9 and even without mitogen stimulation.'0 11 Pisetsky et al using an in vitro system for B cell stimulation have shown that B cells from normal adult and cord blood can secrete antibodies with rheumatoid factor activity and DNA binding activity in response to anti-CD3, and rheumatoid factors in response to Staphylococcus aureus Cowan I and T cell cytokines.'2 These data suggest that rheumatoid factor and anti-DNA antibody production may be regulated independently. Cord blood and fetal liver B cells transformed by Epstein-Barr virus have been shown to secrete IgM, which binds to a variety of autoantigens, including Fc of IgG, single stranded (ss) DNA, double stranded (ds) DNA, cardiolipin, histones 1-4, collagen types I and II, thyroglobulin, and cytoskeletal components. 13 A number of these antibodies were polyreactive. Some cord blood IgM antibodies also bound to extracts of microorganisms, including Staphylococcus aureus, streptococcus, mycobacteria species, and candida. Interestingly, two antibodies bound both to ssDNA and Staphylococcus aureus. '3 Similarly, murine anti-DNA antibodies derived from MRL/lpr mice can bind to Streptococcus faecalis, and to phospholipids extracted from the bacterial cells.'4 This binding could be inhibited by polysaccharides.
Human monoclonal antibodies have been produced by fusing a human lymphoblastoid cell line with normal peripheral blood lymphocytes, '5 normal tonsillar lymphocytes,"I and normal fetal lymphocytes'6 which bind to DNA,)" 1 16 cardiolipin," 15 and platelets.'5 Platelet binding human hybridoma antibodies derived from patients with lupus have greater antigen specificity and are more cytotoxic to platelets than similar antibodies derived from normal subjects. 17 Thus B cells from normal subjects can produce antibodies with anti-self activity. These antibodies are mostly IgM, probably binding with low affinity to a variety of self antigens. Formal measurements of affinity have been rarely undertaken. Antibodies from cord blood can bind to both endogenous and exogenous antigens. This contrasts with the more selective reactivity and higher affinity of the IgG antibodies, characteristic ofa mature antigen driven response.
It is of interest, however, that studies of the cross reactivity of idiotypically related anti-DNA antibodies which were affinity purified from the serum of normal subjects and patients with lupus, and eluted from the kidneys of patients with lupus, have suggested that those from normal serum are the most specific, only cross reacting with polydeoxythymidylic acid, whereas those eluted from kidney cross reacted with a range of synthetic polynucleotides and phospholipids.'8 These data indicate that polyreactive antibodies may have a role in the pathogenesis of tissue lesions.
Antibody affinity and reactivity
The precise relation between polyreactive low affmiity autoantibodies and high affinity monoreactive antibodies remains unclear. It is uncertain whether these groups of Watts, Isenberg antibodies are derived from the same pool of antibodies. Limiting dilution analysis of Epstein-Barr virus transformed CD5 + and CD5 -B cellsfromhealthy subjectshas shown that the CD5+ B cell population is mainly committed to the production of polyreactive (mainly IgM) antibodies that react with a variety of self antigens.""2' The CD5 -B cell population includes mostly lymphocytes committed to the production of more selectively binding (mainly IgG) antibodies in immunised subjects.'9 The CD5+ B cells account for the high incidence of circulating B cells committed to the production of antibodies binding to self and foreign Components. '9 20 In patients with rheumatoid arthritis the number of CD5+ B cells is increased (27-52%),20 22 idiotypes on antibodies of different specificities suggests that a restricted set of germline genes which have been conserved encode for autoreactivity. Further evidence suggesting a close link between autoantibodies and antibacterial antibodies comes from the observation that a single amino acid mutation in the VH gene of a monoclonal antiphosphocholine antibody (S107) results in a loss of ability to bind to phosphocholine and acquisition of the capacity to bind to DNA.' Eilat has shown amino acid sequence homology between the VH region of an NZB/NZW monoclonal anti-dsDNA antibody and an antibody against phosphocholine.67
Origins of autoimmunity Holmberg has argued that the natural antibodies with self reactivity, polyreactivity, and a high degree of connectivity through the idiotype network are important in the development of self tolerance.68 Through evolutionary selection, antibody V regions with these properties are maintained and expressed early in ontogeny. These naturally occurring activated lymphocytes make up 10-15% of the total lymphocyte population and may be responsible for maintenance of normal network dynamics and self tolerance.
The above data go some way towards answering the question whether an antibody with anti-self activity may, under antigen drive, become specific for anti-foreign activity or if an anti-foreign antibody may develop autoreactivity.
Changes in antigen binding specificity occurring during affinity maturation and somatic mutation have been studied in the arsonate system in normal A/J mice. In the preimmune animal a high proportion of the antibodies of the arsonate system react with DNA and cytoskeletal components. After immunisation the affinity for hapten increases and reactivity with autoantigens is lost. A few antibodies retain some autoreactivity together with antiarsonate activity. Competition assays have suggested that the same V region site binds to both arsonate and DNA. The changes in affinity were due to somatic mutation of the VHIdc' (a major idiotype of the arsonate system).69 These data suggest that autoreactivity is a feature of the preimmune system, which is lost during affinity maturation and somatic mutation.
In contrast, Weigert and colleagues have elegantly dissected the genetic origin of anti-DNA antibodies and rheumatoid factors in the lupus prone MRL/lpr mouse, showing that autoantibodies appear as a result of oligoclonal B cell expansion and that such expansion is specific and antigen receptor driven. 70 
